1
H and 13 C NMR spectra were recorded on a Bruker NMR spectrometer operating at 600 and 150 MHz, respectively. All data were recorded in deuterated chloroform (CDCl3) solution at room temperature. Mass spectra were obtained using a JEOL JMS-K9 mass spectrometer. Thermogravimetric analyses (TGA) were performed on Netzsch TG 209 under nitrogen flow at a heating rate of 10 °C/min. Differential scanning calorimetry (DSC) measurements were performed on Netzsch DSC 209 under nitrogen flow at several heating and cooling cycle with heating rate of 10 °C/min and cooling rate of 20°C/min. Ultraviolet−visible absorption spectra was recorded using Perkin-Elmer Lambda 950-PKA UV/VIS while Photoluminescence (PL) spectra was recorded by (Horiba Jobin Yvon) FluoroMax-4 spectrofluorometer, respectively. Cyclic voltammetry (CV) was carried out on the CHI-600D electrochemical workstation using Platimum as working electrode and a Pt wire as counter electrode and Ag/AgCl as reference electrode at a scanning rate of 100 mV/s in nitrogen-saturated 0.1 mol/L n-Bu4NPF6 anhydrous acetonitrile and dichloromethane (DCM) solution. PL quantum yields (PLQYs) of the solution and doped films were measured by using an integrating sphere on HAMAMATSU absolute PL quantum yield spectrometer (C11347). Nitrogen bubbling was conducted to eliminate oxygen in diluted solutions while integrating sphere was degassed with nitrogen for doped films measurement. Transient PL at room temperature was measured using Quantaurus-Tau fluorescence lifetime measurement system (C11367-03, Hamamatsu Photonics Co., Japan). Film samples were measured under N2 atmosphere. All decay was evaluated on TCC900 mode with 340 nm LED excitation source. Transient PL of film samples at various temperatures were investigated under N2 atmosphere using Quantaurus-Tau fluorescence lifetime measurement system (C11367-03, Hamamatsu Photonics Co., Japan) equipped with Oxford Instruments nitrogen cryostat (Optistat DN).
Quantum Chemical Calculations
All of the simulations were performed using the Gaussian 09_B01 program package. 1 More detailed calculation of optimal HF% (OHF), EVA (S1) and EVE (S1) are shown in Fig. S7 and Table S2 . 2, 3 Intuitive comparison of S0 and S1 geometries with minimum RMSD were calculated by VMD software. Theoretical absorption simulation was carried out using Multiwfn software. 4 Device Fabrication and Characterization Glass substrates pre-coated with a 95-nm-thin layer of indium tin oxide (ITO) with a sheet resistance of 10 Ω per square were thoroughly cleaned in ultrasonic bath of acetone, isopropyl alcohol, detergent, deionized water, and isopropyl alcohol and treated with O2 plasma for 20 min in sequence. Organic layers were deposited onto the ITOcoated glass substrates by thermal evaporation under high vacuum (<5×10 −4 Pa). Cathode, consisting of a 1 nm-thin layer of LiF followed by a 100 nm thin Al layer, was patterned using a shadow mask with an array of 3 mm × 3 mm openings. Deposition rates are 1−2 Å/s for organic materials, 0.1 Å/s for LiF, and 6 Å/s for Al, respectively. Electroluminescence (EL) spectra were recorded by an optical analyzer, Photo Research PR705. The current density and luminance versus driving voltage characteristics were measured by Keithley 2420 and Konica Minolta chromameter CS-200. EQE was calculated from the luminance, current density, and EL spectrum, assuming a Lambertian distribution. 
Synthesis of 1,2-bis(4-(9,9-dimethylacridin-10(9H)-yl)phenyl)ethane-1,2-dione (DC-ACR)
1,2-Bis(4-bromophenyl)ethane-1,2-dione (368 mg, 1 mmol), 9,9-dimethyl-9,10-dihydroacrid-ine (440 mg, 2.1 mmol), and K2CO3 (828 mg, 6 mmol) were added into a three neck flask in 50 ml toluene in N2 atmosphere. After degassing for 15 min, acetic acid palladium(II) (22.4 mg, 0.1 mmol) and tri-tert-butylphosphine (0.36 ml, 0.36 mmol) were added. Subsequently, the mixture was stirred and refluxed overnight. After removing the solvent in vacuum, the mixture was partitioned between DCM and water. The combined organic layers were washed with brine, dried over Mg2SO4 and concentrated in vacuo. Column chromatography of the residue solid (eluent: DCM/PE=1/2) afforded 530 mg of DC-ACR. The yield is over 85%. Synthesis of 5,6-bis(4-(3,6-di-tert-butyl-9H-carbazol-9-yl)phenyl)pyrazine-2,3-dicarbonitrile (PyCN-TC) 1,2-Bis(4-(3,6-di-tert-butyl-9H-carbazol-9-yl)phenyl)ethane-1,2-dione (DC-TC) (765 mg, 1 mmol) and diaminomaleonitrile (DAMN) (119 mg, 1.1 mmol ) were added into 100 mL AcOH, then heated to 120°C and stirred overnight. Excess AcOH was removed in vacuum and the mixture was washed with water. Column chromatography of the residue solid (eluent: DCM/PE=1/2) afforded 780 mg of PyCN-TC. The yield is over 93%. 
Synthesis of 5,6-bis(4-(9,9-dimethylacridin-10(9H)-yl)phenyl)pyrazine-2,3-dicarbonitrile (PyCN-ACR)
1,2-Bis(4-(9,9-dimethylacridin-10(9H)-yl)phenyl)ethane-1,2-dione (DC-ACR) (625 mg, 1 mmol) and diaminomaleonitrile (DAMN) (119 mg, 1.1 mmol ) were added into 100 mL AcOH, then heated to 120°C and stirred overnight. Excess AcOH was removed in vacuum and the mixture was washed with water. Column chromatography of the residue solid (eluent: DCM/PE=1/1) afforded 601 mg of PyCN-ACR. The yield is over 86%. for all devices, implying that in such a device structure with relatively low doping concentration of the guest emitter, the efficiency roll-off depends mostly on the character of the emitter. 
e) TTA and STA roll-off model simulation
The model is fitting according to Ref. 17 When STA and TTA processes are taken into account, the exciton dynamic processes concerning singlet and triplet exciton population can be expressed as 18, 19 : dNS/dt = -(kr S + kISC)NS + kRISCNT -kSTNSNT + αkTTNT 2 + J/4de
dNT/dt = kISCNS -(kRISC + knr
Given that d, e and α denote thickness of EML, electron charge and singlet exciton production ratio of TTA, respectively. For TADF-OLED, α is approximated by 0.25 by spin statics. When steady-state current is achieved, i.e. (dNS/dt = 0, dNT/dt=0), the modeled EQE-J curve can be fitted by:
Through fitting experimental EQE-J curve, kST and kTT data can be obtained. TGA (thermal gravimetric analysis) and differential scanning calorimetry (DSC) was performed to evaluate thermal properties of all compounds. High thermal decomposition temperatures (Td, corresponding to 5% weight loss) above 400 °C were observed, indicating good thermal stability. Identical raising tendency was observed between Td and molecular weight. DSC scans on compounds DC-TC and DC-ACR revealed glass transition temperatures (Tg) of 86°C and 98 °C, which was not observed for PyCN-TC and PyCN-ACR. Amorphous and tough films of PyCN compounds can be anticipated due to increased molecular rigidity when rotation free DC-is fixed with PyCN-. Neither melting nor crystallization peak was observed during the heating nor cooling cycles, indicating potential morphology stability in film state for all compounds. 
g) Cyclic Voltammetry
To understand energy diagrams of all investigated compounds, cyclic voltammetry was carried out using n-Bu4NPF6 as supporting electrolyte and referenced to Ag/AgCl electrode. Solid state ionization potential (IP) and electron affinity (EA) are approximated by onset potential of redox peak which may be a theoretically proper way to depict initial injection of holes and electrons to the HOMO and LUMO. Formal potential of ferrocenium/ferrocene (Fc + /Fc) redox couple (4.8 eV below vacuum level) was evaluated to calibrate IP and EA for investigated molecules. 20 Reversible oxidation wave was observed for DC-TC and PyCN-TC while quasi-reversible oxidation wave was observed for DC-ACR and PyCN-ACR. Blocking of chemical active site by tert-butyl unit prevent irreversible oxidations via radical coupling reactions at 3,6-position of carbazole. 21 In contrast, DC-ACR and PyCN-ACR show quasi-reversible oxidation waves that correspond to instability of radical cations on ACR moieties. 22 Neither the reduction potential of DC-TC nor DC-ACR is experimentally accessible. As DC-was chemically modified into PyCN-, reduction scan was noted stably reversible due to chemical stability during the p-and n-doping processes. From these redox potentials, IP (IP(eV)=-e(Eox,onset+4.34)) of 5.56 eV was estimated for DC-TC and PyCN-TC considering oxidation onset potential at 1. Evaluation of electrochemical gap was also conducted based on differences between the onsets of p-and n-doping. The onset potentials showing in Fig. 3b are calculating to afford the resulting Eg,EC,onset = e(E ox onset -E red onset). However, unexpected Eg,EC,onset < Eg,opt (optical gap estimated from absorption onset in toluene) was found and the alike phenomenon have also been reported by Andersson, etc when studying electrochemical bandgaps of substituted polythiophenes. The known Eg,EC,onset approximates so called fundamental gap (IP-EA) while Eg,opt represents energy of lowest electronic transition via absorption of single photon. In the optical excited state, 
